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Abstract  Trihalomethanes (THMs) are one of the most 
common disinfection by-products formed by the reaction of 
chlorine and/or bromide with organic matter and/or bromide. 
Total THMs in chlorinated treated water are defined as the 
sum of the concentrations of chloroform (TCM), 
bromodichloromethane (BDCM), dibromochloromethane 
(DBCM), and bromoform (TBM). The monitoring of 
trihalomethanes THMs in distribution tap water collected in 
from five regions of Portugal, from North to South, in a total 
of 33 samples, during spring to summer season, is described. 
Solid phase microextraction coupled to gas chromatography 
and electron capture detector methodology was applied to 
determine whether THMs concentrations in urban water 
supply systems are is in agreement with European 
Regulations. It was found a great discrepancy in total THMs 
concentration values, with concentrations varying from 
1.8-97.7 μg/L, although the results were below the European 
parametric value of 100 μg/L. Regarding the Environmental 
Protection Agency regulations, however, only 97% of 
samples fulfilled the established criterion of 80 μg/L. and 
investigate if the individual compounds trihalomethanes 
content in was also investigated in order to determine if there 
is observed distribution tap water follows a common or a 
different THMs pattern in close geographical areas. In the 
geographical areas under study, mean values of 
concentrations measured revealed two different clusters: one 
including the three groups from the North geographical areas, 
with samples revealing a similar pattern 
(TCM>BDCM>DBCM>TBM), and another including the 
two groups from South with a different THMs pattern 
(DBCM>BDCM>TCM>TBM). A great degree of variation 
in the concentrations of THMs in tap water was observed, 
although the results the total THMs concentrations were 
below the European parametric value (100 μg/L). Mean 
results of samples grouped by five geographical areas 
revealed a similar pattern in samples collected from North 
and Centre TCM>BDCM>DBCM>TBM, whereas samples 
from South presented a different pattern, 
DBCM>BDCM>TCM>TBM. The origin of raw water 
(surface or groundwater) seems to influence this different 
pattern formation of brominated compounds. 
Keywords  Chlorinated Water, Disinfection By-products 
(DBPs), Trihalomethanes (THMs), Drinking Water Analysis 
1. Introduction
The assurance of drinking-water quality is determinant for 
populational health and wellbeing. Disinfection is a critical 
part of the treatment procedure being fundamental to prevent 
waterborne infectious diseases. 
The majority of Portuguese plants for supply of drinking 
water use chlorination, as disinfection strategy, to provide 
potable water. Chlorine is a powerful oxidizing agent that 
ensures inactivation of pathogenic microorganisms and 
control biofilm growth, thus a residual concentration 
throughout the distribution system, particularly at end points, 
is required. However, chlorine has the disadvantage of 
producing disinfection by-products (DBPs) due to reactions 
with naturally occurring organic matter in raw water [1, 2]. 
Although there is a wide range of DBPs, of the 
trihalomethanes (THMs), specially chloroform (TCM), 
bromodichloromethane (BDCM), dibromochloromethane 
(DBCM) and bromoform (TBM), are the most common, and 
are generally considered as good indicators of chlorination 
by-products in drinking water [3, 4].  
It is well kwon that the health risks from disinfection 
by-products are much less than the risks from consuming or 
using water that has not been disinfected, nevertheless the 
negative impact of THMs, even at low levels, on human 
health is a matter of concern [4].  
Individual exposure to THMs from tap water can occur 
not only through ingestion, but also by inhalation of indoor 
air, largely due to volatilization from drinking-water, or 
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dermal exposure during showering or bathing since TTHM 
through ingestion composed less than 10% of integrated 
internal dose [5, 6]. 
Numerous epidemiological studies have been directed to 
explore the correlations between chlorination by-products 
and incidence of human cancer, and more recently, with 
adverse reproductive outcomes [7, 8]. In 2011, Regina 
Grazuleviciene et al. found epidemiological evidence for a 
dose-response relationship between the THMs blood internal 
dose of pregnant women, exposed  through drinking water 
by ingestion, showering and bathing, and child low birth 
weight found epidemiological evidence for a dose-response 
relationship between THM internal dose exposure and low 
birth weight [9]. Identical conclusions were achieved by 
Iszatt N. et al. in 2014 suggesting that a high decrease in 
chloroform concentrations in tap water is associated with a 
statistically significant reduction in very low birth weight 
rates [10]. The World Health Organization also stated that 
Exposure exposure to BDCM from four areas: ingestion of 
drinking-water, inhalation of indoor air, inhalation and 
dermal exposure during showering or bathing, and ingestion 
of food, has been linked to increased risk for spontaneous 
abortion or stillbirth, implying a reevaluation of the 
guideline value for this compound as long as new data on 
possible reproductive effects become available [11]. 
There are also evidences that oral exposures to binary 
mixtures of chloroform and BDCM, DBCM or TBM would 
likely result in a significant increase of the level of 
unmetabolized chloroform in the blood, relatively to 
chloroform when administered alone. TBM and DBCM 
appear to persist in blood and tissues for longer periods of 
time when co-administered with chloroform [12]. 
Considering health outcomes from lifelong exposure and 
the limited information about the risks and uncertainties that 
arise from mixtures effects, efforts are currently made by 
water suppliers and legislators to maintain the concentrations 
of THMs as low as reasonably achievable without 
compromising the effectiveness of disinfection[6, 13, 14]. 
Due to the toxicity of these compounds, namely the 
potential health effects from long-term exposure in liver, 
kidney or central nervous system and increased risk of 
cancer, the National Primary Drinking Water Regulations 
from US Environmental Protection Agency [15] established 
a Maximum Contaminant Level (MCL) for total THM 
concentration at 80 µg/L, as an annual average, with 
individual maximum contaminant level goals (MCLG)  of 
zero for bromodichloromethane and bromoform, 60 µg/L for 
dibromochloromethane and 70 µg/L for chloroform. MCLG 
are non-enforceable health goals, based on the best available 
science to prevent potential health problems due to exposure 
over a lifetime, with an adequate margin of safety. 
The European and Canadian regulations settled a limit of 
100 µg/L for total trihalomethanes [16], although some 
European countries, such as Germany, Luxembourg and 
Sweden, have restricted THMs concentration to 50 µg/L. 
Other state members such as Austria, Belgium and Italy have 
restricted even more these THMs concentrations to 30 µg/L 
[17]. 
The World Health Organization established more 
permissive individual guideline values: 300 μg/l for 
Chloroform, 100 μg/l for Bromoform and 
Dibromochloromethane and 60 μg/l for 
Bromodichloromethane. However, to account for additive 
toxicity, the sum of the ratio of each of the four levels of 
THMs to their individual guideline value should not exceed 
1 [7, 18]. 
The THMs can be determined by different analytical 
techniques. The U.S. Environmental Protection Agency 
(EPA) has approved three methods for the analysis of THMs 
in drinking water. Method 502.2 uses purge and trap 
capillary column gas chromatography with photoionization 
and electrolytic conductivity detectors in series; Method 
524.2 determines THMs using capillary column gas 
chromatography/mass spectrometry and Method 551.1 uses 
liquid-liquid extraction and gas chromatography with 
electron-capture detection (LLE/ECD) [19]. Monitoring of 
THMs in tap water used for human consumption is of great 
interest in order to assess consumer’s exposure. 
Until now, there have been only a few studies in Portugal 
to evaluate the risk of the consumers`exposure to THMs 
through tap water. The main objectives of this work were: i) 
to monitorize trihalomethanes in distribution water from 
North to South of Portugal during spring to summer season, 
since by-product formation is directly related with 
disinfectant concentration and this is period where the 
weather is warmer and higher disinfection is needed; ii) to 
investigate if the trihalomethanes profile in distribution tap 
water follow a common pattern in close geographical areas. 
2. Materials and Methods 
2.1. Sample Collection 
Thirty three samples were collected from North to South 
of Portugal during spring to summer season directly from the 
distribution system (see Figure 1). All samples were taken 
from water supply systems endpoints in a 40 mL amber vials 
completely filled to avoid any headspace and evaporation of 
compounds in the flasks, and were quenched immediately 
with sodium thiosulphate (300 μl of a 0.3 g/l S2O32- 
solution) to eliminate further formation of THMs. The 
samples were transported to the laboratory at 4ºC and 
maintained at 4ºC and away from light until extraction. 
The sampling points of water were grouped into five zones 
(see Figure 1) located in the North (Z1, Z2 and Z3) and South 
of Portugal (Z4 and Z5). Portugal depends on both surface 
and groundwater sources for the domestic water supply. 
Depending on the region the main sources of water are rivers 
and underground aquifers, especially in North and dam 
reservoirs in South rivers and underground aquifers. The 
conventional water treatment plants in Portugal consist of 
pre-oxidation, coagulation, flocculation, decantation, 
filtration and final disinfection. 
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Figure 1.  Map of Portugal showing the distribution of the 33 collecting 
points considered in the present study. Geographical areas studied: Z1- 
“Minho”, Z2 – “Grande Porto”, Z3 – “Aveiro”, Z4 – “Alentejo”, Z5 – 
“Algarve”. 
2.2. Reagents and Analytical Methodology 
A commercially THMs mixture in methanol (chloroform 
(CAS. 66-65-3), bromodichloromethane (CAS. 75-27-4), 
dibromochloromethane (CAS. 124-48-1), bromoform (CAS. 
75-25-2)) containing 100 ng/µL of each compound (EPA 
551A Halogenated Volatiles Mix) was purchased from Dr. 
Ehrenstorfer. This mixture was handled in accordance with 
material safety data sheet. Intermediate standard solution of 
THMs with 1 mg/L was obtained by diluting the THMs 
mixture standard solution with ultrapure methanol (Merck). 
Stock calibration standard solutions, in the a range 5–100 
μg/L, were thean prepared in 20 mL vials (from Supelco) for 
calibration by diluting the intermediate stock solution with 
deionized Milli-QTM water (Millipore, Bedford, MA, EUA) 
boiled for 4 hours to remove any volatile residue. ultrapure 
type I water directly into 20 mL vials (from Supelco). All 
standards were analyzed in triplicate. Screw-capped vials (20 
mL), sealed with teflon lined silicon septum were used for 
storing the standard solutions as well as for water samples. 
The four trihalomethane species mentioned in the 
European regulation [16] (TCM, BDCM, DBCM, TBM) 
were determined, using an analytical methodology based on 
EPA Method 551.1, in a Varian CP-3800 gas chromatograph 
(GC) equipped with a 63Ni electron capture detector (ECD) 
and with an auto a CombiPAL autosampler injector 
AOC-5000 (CTC Analytics AG, Zwingen, Switzerland) with 
a SPME fiber assembly.injector AOC-5000. The analytical 
column was a Varian Factor Four VF-624ms, 30 m length, 
0.25 mm i.d. and 1.4 μm thicknesses. The oven program 
temperature was as follows: initial temperature 60ºC, then 
was ramped at 9ºC/min to 150ºC and, finally, increased at 
25ºC/min to 250ºC. Injection port and detector temperatures 
were set at 260ºC (splitless) and 300ºC, respectively. 
The experimental conditions were established to obtain 
high efficiency in the extraction and analytical steps. Solid 
phase microextraction (SPME) methodology (SPME) was 
chosen instead of the liquid-liquid extraction procedure 
referred in EPA method, and was performed using 100 μm 
Polydimethylsiloxane (PDMS) fibers supplied by Supelco. 
The Extraction parameters were optimized to achieve good 
sensitivity in the GC/ECD analysis.  
Before each sample set was run a blank analysis was 
always performed in order to do a precondition of the PDMS 
SPME fiber, by exposing it for 10 min to the headspace of a 
vial containing 10 mL ultra-pure water. Subsequently, the 
fiber is inserted into the GC inlet and desorbed for 10 min. 
Any desorbed chemicals were cleared from the GC column 
by maintaining the GC oven at high temperatures during this 
initial instrument preparation procedure. Sample analyses 
began by moving the active sample to the heated agitator 
station (40ºC) of CombiPAL. Following preincubation (5 
min) the SPME fiber is inserted into the vial headspace and 
samples were extracted for 10 min at 250 rpm. The 
extraction time of 10 min was selected to balance the need 
for maximum analyte extraction against adsorbing too much 
water vapor from the headspace. The fiber is then desorbed 
by insertion into the GC inlet (260ºC) for 10 min to ensure 
complete analyte desorption. 
The method was validated mainly in accordance with the 
guidelines established by International Conference on 
Harmonization recommendations [20]. Calibration curves, 
with six calibration points (5, 15, 25, 50, 75, 100 µg/L of 
each analyte), were constructed using the least squares linear 
regression model, plotting the peak area ratios of the 
different compounds versus the concentration of each 
analyte under study. 
3. Results and Discussion 
In water samples analysis, high correlation coefficients 
were obtained in calibration lines for all THMs. Limits of 
detection were 1.7 μg/L and coefficients of variation ranged 
from 10% to 25%. 
Calibration graphs showed good linear response for the 
concentration range of target compounds with correlation 
coefficient (r) higher than 0.99. Limits of quantification 
(LOQ) were 1.7μg/L. Specificity and selectivity were 
evaluated by comparing the chromatograms of matrix-blank 
samples (different samples of ultrapure water and glass 
bottled mineral water) and an aqueous solution of the 
analytes at concentrations near the limit of quantification. No 
significant interference has been detected at the retention 
times. 
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Table 1.  THMs in chlorinated water from public supply in Portugal (expressed as µg/mL) 
Sample Code TCM TBM BDCM DBCM Total THM 
1 71.6 7.1 14.6 4.4 97.7 
2 31.5 n.d 7.4 3.4 42.3 
3 35.9 n.d 6.6 n.d 42.5 
4 5.3 n.d 4.4 4.9 14.6 
5 20.8 n.d 4.1 n.d 24.9 
6 44.7 n.d 6.8 n.d 51.5 
7 10.8 n.d 4.0 4.8 19.5 
8 5.8 3.2 n.d 3.2 12.3 
9 10.8 n.d 3.1 n.d 14.0 
10 2.3 5.2 4.9 9.1 21.5 
11 26.04 n.d 5.24 n.d 31.3 
12 18.16 n.d 10.35 4.95 33.5 
13 14.33 n.d 8.18 5.82 28.3 
14 48.09 n.d 4.32 4.72 57.1 
15 45.48 n.d 2.42 11.24 59.1 
16 32.61 2.49 8.42 12.18 43.5 
17 1.77 n.d n.d n.d 1.77 
18 42.42 n.d 2.72 12.60 57.7 
19 38.44 n.d 2.6 11.90 52.9 
20 42.30 n.d 3.1 13.94 59.3 
21 55.97 n.d 1.61 5.07 62.6 
22 49.03 n.d 2.59 12.01 63.6 
23 n.d 7.31 2.06 6.85 16.2 
24 1.97 n.d n.d n.d 1.97 
25 16.48 n.d 17.65 15.62 49.8 
26 7.16 10.33 15.48 23.94 56,9 
27 4.98 9.94 12.52 22.11 49.6 
28 16.08 n.d 16.24 14.70 47.0 
29 3.97 9.82 10.77 19.02 43.6 
30 12.34 3.62 13.88 12.79 42.6 
31 10.95 n.d 12.33 12.30 35.6 
32 9.17 n.d 11.03 11.42 31.6 
33 11.4 3.1 10.96 10.37 35.8 
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Precision and accuracy were also determined. To evaluate 
intermediate precision, or inter-assay precision, n = 6 
replicates were performed in independent days at 3 different 
levels (5.0, 50.0 and 100.0µg/L) presenting acceptable 
values ranging from 17.9% for BDCM at LOQ level to 2.9% 
for DBCM at the higher level. Accuracy, expressed as 
absolute bias, was inferior to 5% of the accepted true value 
for all compounds, except at LOQ level where greater values, 
varying from 5.0 to 19.6%, were observed. 
In order to transfer the validated method into laboratory 
working routine, its performance is evaluated annually 
through the participation in an interlaboratory study for 
THMs analysis provided by LGC Standards Proficiency 
Testing, Aquacheck Sample 6A. Collaborative trials allow to 
estimate accuracy and to evaluate the possible bias of an 
analytical method. To assess the performance of the method 
z-scores were provided, being satisfactory (|z|≤2) for each 
analyte.  Z-scores are indicators that compare the difference 
between the reported result of the laboratory and the 
assigned value (bias), with a standard error. 
Results from the survey of 33 water samples to evaluate 
the content of TCM, TBM, BDCM, and DBCM, collected 
from North to South of Portugal are presented in Table 1. 
Chloroform was the most frequently detected VOC in 
samples from drinking-water supply systems with 
concentrations varied from 1.77 to 71.6 μg/L. The 
concentrations of TBM in water samples ranged from not 
detected to 10.33 μg/L, the BDCM varied between not 
detected and 17.65 μg/L, and the DBCM varied between not 
detected and 23.94 μg/L.  
Several factors contribute to the contents of THMs in 
chlorinated water which justifies the great degree of 
variation in the measured concentrations, namely naturally 
occurring organic matter concentration, chlorine dose, 
contact time, water pH and temperature, length of the 
distribution network and bromide ion concentration. 
The Total THMs concentration was in agreement with 
drinking water quality standards in 100% of the results [6], 
being below the European parametric value (100 μg/L), as 
well as in accordance with the criteria set by WHO based on 
a fractionation approach. However, regarding other 
European countries such as Germany, Luxembourg and 
Sweden regulations, only 69.7% of water samples complied 
with the limit of 50µg/L. EPA enforceable regulation 
criterion has been fulfilled by 97% of water samples that 
complied with the maximum contaminant level (MCL) of 80 
µg/L. Nevertheless, when individual values are analyzed, all 
samples presented concentrations of BDCM and TBM above 
zero, which is the maximum contaminant level goal for these 
two compounds. High THMs values usually occur at points 
in the distribution system with the longest residence time or 
water age, such as reservoirs, oversized pipes and network 
dead ends [9]. 
Figure 2 presents the mean results of samples grouped by 
five main geographical areas. Samples collected from North 
(clusted as Z1, Z2 and Z3) presented a similar pattern. TCM 
was the most abundant THM, followed by BDCM, and 
DBCM. TBM was very low or not detected. Samples from 
South, where water supply is mostly from dam reservoirs, 
presented a different pattern; the most abundant THM was 
DBCM, followed by BDCM and TCM. TBM concentration 
in some samples was approximately 10 μg/L. 
 
Figure 2.  Mean values of THM contained in samples grouped by 
geographical areas: Z1 (n=13), Z2 (n=7), Z3 (n=2), Z4 (n=2) and Z5 (n=9). 
According to literature, TCMchloroform tends to be the 
THM present in the greatest concentration in chlorinated 
waters, especially when originated from raw water sources 
with high organic matter contents [6,8]. This assumption was 
not observed in water samples from the South of Portugal. 
In the presence of bromides, brominated THMs are 
formed preferentially and chloroform concentrations 
decrease proportionally. [7]. TBM and DBCM are found 
mainly in water that originally came from surface sources, 
such as rivers and lakes. Springs, deep drilled wells or 
underground aquifers, more abundant in North, usually 
contain very little of the substances that react with chlorine to 
form these chemicals; therefore, well and spring water is less 
likely a source of TBM and DBCM than water from a 
reservoir (artificial lake) [21]. It is also known that the 
amount of TBM and DBCM in drinking water can change 
considerably from day to day, depending on the source, 
temperature, amount of plant material in the water, amount 
of chlorine added, and a variety of other factors. Brominated 
THMs may pose greater risk than chloroform TCM to human 
health because they have been found to be more toxic than 
TCMchloroform in toxicological assays [10]. Water systems 
that use surface water or ground water under the direct 
influence of surface water and use conventional filtration 
treatment are required to remove specified percentages of 
organic materials that may react with disinfectants to form 
disinfection byproducts, prior to disinfection. Other control 
strategies include modification of disinfection practices in a 
manner that still provides adequate protection against 
pathogens. Therefore, the European regulations for THM 
should be reviewed to account for different patterns that can 
be found in chlorinated water and different health risks posed 
by each one of the four THMs. 
The results from the present work highlight the 
importance of THMs monitoring, especially when individual 
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contaminant levels are analyzed, for an accurate 
environmental health risk assessment. More studies are 
needed to understand the influence of the water source, its 
original nature and treatment processes on THMs formation. 
4. Conclusions 
This study with a simplified sample collection protocol 
can be useful in quantifying exposure to these potentially 
harmful chemicals and in helping to support larger 
epidemiological field studies. Where THMs were quantified 
by solid phase microextraction coupled to gas 
chromatography and electron capture detector in chlorinated 
drinking water from Portugal, to determine whether it was 
observed that urban water supply is were in agreement with 
European Regulation, however taking in account other 
European countries guidelines this value pass to 69.7% of 
water samples complied with the limit of 50µg/L. It was also 
demonstrated that according source and type water  and 
investigate if the THMs content in distribution tap water 
follows a common pattern in close geographical areas. A 
similar THMs pattern (TCM>BDCM>DBCM>TBM) was 
observed in water supply from North, and different from 
South (DBCM>BDCM>TCM>TBM), emphasizing that 
brominated THMs may pose greater risk than TCM to 
human health because they have been found to be more toxic 
than TCM in toxicological assays.  
A major challenge for water suppliers is how to control 
and limit the risks from pathogens and disinfection 
byproducts. It is important to provide protection from 
pathogens while simultaneously minimizing health risks to 
the population from disinfection byproducts. 
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